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TITLE: METHOD OF DESIGNING INTEGRATED CIRCUIT HAVING BOTH 



1. Technical Field 

The invention relates generally to the design of integrated circuits; and, more particularly, 
it relates to the design of integrated circuits having both fixed logic and programmable logic 
components. 

2. Related Art 

Programmable devices are a class of general-purpose integrated circuits that can be 
configured for a wide variety of applications. Such programmable devices have two basic 
versions, mask programmable devices, which are programmed only by a manufacture, and field 
programmable devices, which are programmable by the end user. In addition, programmable 
devices can be further categorized as programmable memory devices or programmable logic 
devices. Programmable memory devices include programmable read only memory (PROM), 
erasable programmable read only memory (EPROM) and electronically erasable programmable 
read only memory (EEPROM). Programmable logic devices include programmable logic array 
(PLA) devices, programmable array logic (PAL) devices, erasable programmable logic devices 
(EPLD) devices, and programmable gate arrays (PGA). 

As is known, field programmable gate arrays (FPGAs) allow an end user to create a 
customize logic design via programming and to freely change the design by reprogramming the 
design while avoiding the initial cost, time delay and inherent risk of application specific 
integrated circuits (ASICs). While FPGAs have these advantages, there are some disadvantages. 
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For instance, an FPGA programmed to perform a similar function as implemented in an ASIC 
requires approximately 25 to 50 times more die area than the ASIC. As such, the manufacturing 
expense of an FPGA is greater than that of an ASIC. In addition, an FPGA requires significantly 
more printed circuit board space and consumes more power than an equally functional ASIC. 
5 To mitigate some of the disadvantages of FPGAs with respect to ASICs, some FPGA 

manufacturers are including ASIC like functions on the same substrate as the programmable 
logic fabric. For example, FPGAs are now commercially available that include random access 
memory (RAM) blocks and/or multipliers in the programmable logic fabric. As such, the 
programmable logic fabric does not have to be programmed to perform RAM functions and/or 

ji| multiplier functions, when such functions are needed. Thus, for these functions, significantly 

ip 

iy less die area is needed within the FPGA. 

U 

iff While included such fixed logic functions in the programmable logic fabric offers end 

j* 

* users greater programming options with less die area consumption, end users are demanding 

13 

p greater FPGA performance and flexibility from FPGAs. In particular, end users would like to see 

i 

\S t more fixed logic functionality, (i.e., ASIC like functionality) embedded within the programmable 

t sat? 

w 

logic fabric of FPGAs, while retaining the versatility of traditional FPGAs. 

Given the relative newness of providing fixed logic functionality within a programmable 
logic fabric of an FPGA, there is very little known in the art, if anything at all, concerning the 
appropriate combination of these two, oftentimes, diametrically opposed technologies. That is to 
20 say, the fixed logic functionality is geared towards and based in one particular direction of 
development, and the technology of programmable logic fabric is directed in another direction 
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entirely. The integration of these two circuit types has left many in the art with very little 
direction on how to perform and to provide this combination of elements as desired by end users. 

Thus, there is a need in the art for a methodology of overcoming these and other 
difficulties in the design of integrated circuits having both fixed logic and programmable logic 
5 components. 



SUMMARY OF THE INVENTION 

In order to overcome the above referenced difficulties in integrated circuit design, as well 
as other shortcomings of prior integrated circuit design techniques, a method of designing an 

u 

|j integrated circuit according to the present invention efficiently combines fixed logic and 

jU programmable logic components into an integrated circuit. This method includes first 

P 

If: determining the logic requirements for an intended set of applications for the integrated circuit. 

5 These logic requirements may include any one or combination of data processing requirements, 

O 

|^ data storage requirements, data throughput requirements, instruction set type, instruction set 

3 *SJ 

1| contents, and other logic requirements. Next, the method includes determining at least one 

iii 

common logic function for the intended set of applications for the integrated circuit. Then, an 
approximate number of configurable logic blocks and at least one fixed logic circuit are determined 
that, when combined to operate cooperatively, meet a substantial portion of the logic requirements 
for the intended set of applications for the integrated circuit. The integrated circuit is designed to 
20 include the approximate number of configurable logic blocks formed as a fabric and arranged to 
surround an opening in the fabric. With this design, the integrated circuit includes the at least one 
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fixed logic circuit in the opening in the fabric and interconnecting logic that interfaces the at least 
one fixed logic circuit to the fabric. 

The method may include selecting a die size for the integrated circuit, and designing the 
integrated circuit such that the configurable logic blocks and the at least one fixed logic circuit fit 
5 within a targeted die size. The method may also involve selecting a process for manufacturing of 
the integrated circuit such that the process involves a minimum dimension size for the integrated 
circuit, and selecting a die size for the integrated circuit considering the process, the approximate 
number of configurable logic blocks, and the at least one fixed logic circuit. The at least one fixed 
logic circuit may be selected from the group of digital signal processors, microprocessors, 

!•* 

W physical layer interfaces, link layer interfaces, network layer interfaces, audio processors, video 

*G 

jjj graphics processors, and applications specific integrated circuits, among other circuits. The 

Ifl intended applications may include any one or combination applications including, but not limited 

|* 

3 ^ to, communications applications, system-on-a-chip applications, image-processing applications, 

* parallel processing applications, networking applications, and prototyping applications. The 

jjS integrated circuit may occupy a die area, and the fixed logic circuit is appropriately selected to 

sy 

occupy less than a predetermined percentage of the die area. 

The method of the present invention also includes aspects relating to input and output 
requirements. With this method, an intended set of applications for the integrated circuit is first 
identified. Then, for each of the intended set of applications, logic requirements and input/output 
20 requirements are identified. Next, an approximate number of configurable logic blocks and at least 
one fixed logic input/output circuit are identified that, when combined to operate cooperatively, 
meet a substantial portion of the logic requirements and the input/output requirements of the 
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intended set of applications. The integrated circuit is then designed to include the approximate 
number of configurable logic blocks arranged and interconnected to form a fabric that at least 
partially surrounds an opening. Contained within this opening is the at least one fixed logic 
input/output circuit in the opening in the fabric. The integrated circuit also includes interconnecting 
5 logic that interfaces the at least one fixed logic input/output circuit to the fabric. In other particular 
embodiments, the fabric is formed to include a plurality of openings. Formed within each of this 
plurality of openings is a fixed logic circuit. 

This method may also include selecting a die size for the integrated circuit and designing 
the integrated circuit such that the configurable logic blocks and the at least one fixed logic 

!■* 

||) input/output circuit fit within a targeted die size. Further, the method may include selecting a 

iO 

|U process for manufacturing of the integrated circuit, wherein the process involves a minimum 

13 

Iff dimension size for the integrated circuit and selecting a die size for the integrated circuit 

|* 

^ considering the process, the approximate number of configurable logic blocks and the at least one 

W 

p fixed logic input/output circuit. Also, the one fixed logic input/output circuit may be selected 
j§ from the group consisting of high speed serial input/output circuits and high speed parallel 

IV 

input/output circuits. In such case, the input/output requirements are characterized by parameters 
including at least one of bit rate input, bit rate output, data width, address width, and parallel bus 
frequency. The intended applications may include communications applications, system-on-a- 
chip applications, image-processing applications, parallel processing applications, networking 
20 applications, and prototyping applications. 

The above-referenced description of the summary of the invention captures some, but not 
all, of the various aspect of the present invention. The claims are directed to some other of the 
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various other embodiments of the subject matter towards which the present invention is directed. 
In addition, other aspects, advantages and novel features of the invention will become apparent 
from the following detailed description of the invention when considered in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the invention can be obtained when the following detailed 
description of various exemplary embodiments is considered in conjunction with the following 
drawings. 

K 

fjf Figure 1 is a system diagram illustrating an embodiment of method for designing an 

Q 

*9 

l y integrated circuit by considering one or more intended sets of application in accordance with the 

b 

\ H present invention; 

|* 

Figure 2 is a logic diagram illustrating an embodiment of an integrated circuit design 

!3 

j*| method performed in accordance with the present invention; 

^| Figure 3 is a system diagram illustrating an embodiment of method for designing an 

111 

integrated circuit involving a number of integrated circuit design considerations in accordance 
with the present invention; 

Figure 4 is a logic diagram illustrating another embodiment of an integrated circuit design 
method performed in accordance with the present invention; 
20 Figure 5 is a logic diagram illustrating another embodiment of an integrated circuit design 

method performed in accordance with the present invention; 
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Figure 6 is a system diagram illustrating another embodiment of method for designing an 
integrated circuit involving a number of integrated circuit design considerations in accordance 
with the present invention; 

Figure 7 is a logic diagram illustrating another embodiment of an integrated circuit design 
method performed in accordance with the present invention; 

Figure 8 is a graphical illustration considering the possible ranges of an integrated circuit 
design incorporating both fixed logic circuitry and FPGA circuitry in accordance with the present 
invention; 

Figure 9 is a graphical illustration of programmability versus instruction rate trade-off 
within integrated circuits incorporating both fixed logic circuitry and FPGA circuitry in 
accordance with the present invention; 

Figure 10 is a graphical illustration of programmability versus input/output (I/O) rate 
trade-off of an integrated circuit incorporating both fixed logic input/output circuitry and FPGA 
circuitry in accordance with the present invention; and 

Figure 1 1 is a system diagram illustrating an embodiment of an integrated circuit, having 
both fixed logic input/output circuitry and fixed logic processing circuitry that is built in 
accordance the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 is a system diagram illustrating an embodiment of method for designing an 
integrated circuit 100 by considering one or more intended sets of application in accordance with 
the present invention. A number of intended set(s) of applications 1 10 are identified and used to 
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influence an integrated circuit design 160. The intended set(s) of applications 110 includes as 
few as one intended set(s) of applications and may include any number of intended set(s) of 
applications. The intended set(s) of applications 110 may be categorized as targeting a number 
of applications, as shown by an application #1 121, and an application #n 131. If desired, 
each of the applications are further categorized as having logic requirements and logic functions. 
For example, the application #1 121 is shown as having logic requirements 122 and logic 
functions 123. Similarly, the application #n 131 is shown as having logic requirements 132 and 
logic functions 133. 

The integrated circuit design 160 involves performing component identification 150 to 
identify a number of configurable logic blocks 151 and any number (as few as one) of fixed logic 
circuit(s) 152 that in combination satisfy the logic requirements of a substantial number of the 
applications. Either and/or both of the configurable logic blocks 151 and the fixed logic 
circuit(s) 152 may be operable to access and communicate with other functional blocks in the 
design 160, such as RAM 170. The configurable logic blocks 151 are used to generate and 
constitute a programmable logic fabric 161. The fixed logic circuit(s) 152 are placed inside of 
any number (as few as one) of opening(s) 169. The number of opening(s) 169 will typically 
correspond to the number of fixed logic circuit(s) 152, but there may be embodiments where 
more than one of the fixed logic circuit(s) 152 is placed within a single one of the opening(s) 169 
thereby creating a situation where the two do not match up against one another on a one-to-one 
basis. In addition, interconnecting logic 162 is used to surround, at least in part or substantially 
surround, the fixed logic circuit(s) 152. The interconnecting logic 162 interconnects the fixed 
logic circuit(s) 152 and the programmable logic fabric 161. In embodiments where the fixed 
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logic circuit(s) 152 is placed near an edge of the programmable logic fabric 161, the 
interconnecting logic 162 surrounds only a portion of the fixed logic circuit(s) 152. However, in 
embodiments in which the fixed logic circuit(s) 152 is a microprocessor, for example, the 
interconnecting logic 162 may fully surround the fixed logic circuit(s) 152. 

Figure 2 is a logic diagram illustrating an embodiment of an integrated circuit design 
method 200 performed in accordance with the present invention. In a block 210, a number of 
intended sets of applications are identified. The identification includes identification of logic 
requirements 212 and logic functions 214. Then, in a block 230, an approximate number of 
configurable logic blocks (CLBs) and at least one fixed logic circuit are identified. Then, in a 
block 240, an opening is created in a programmable logic fabric, and the fixed logic circuit is 



!U inserted therein. Ultimately, in a block 250, interconnecting logic is added to the integrated 



circuit to ensure proper interfacing between the fixed logic circuit and the programmable logic 
fabric. 

In alternative embodiments, the identified configurable logic blocks and the identified at 
least one fixed logic circuit are appropriately chosen to ensure that they fit within a targeted die 
size of the integrated circuit, as shown in an alternative block 235. 

Figure 3 is a system diagram illustrating an embodiment of a method for designing an 
integrated circuit 300 involving a number of integrated circuit design considerations 310 in 
accordance with the present invention. The number of integrated circuit design considerations 
20 310 are used to direct and govern the design of an integrated circuit to meet an intended set of 
applications 340. The integrated circuit design considerations 310 include dies size 311, process 
type 312 (that also offers a minimum dimension size 313 for transistor level circuitry and other 
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circuitry), a percentage of a targeted die size that is occupied by fixed logic circuit(s) 314, 
location of integrated circuit components on the die 3 1 5, and other considerations 319. 

Integrated circuit design considerations 310 also include the logic requirements 330 that 
must be served by the integrated circuit. The logic requirements 330 are at least partially 
serviced by one or more fixed logic circuits and a plurality of configurable logic blocks formed 
into a fabric. All of the integrated circuit design considerations are considered to design an 
integrated circuit that services one or more of an intended set of applications 340. The intended 
set of applications 340 may include, for example, communications applications 341, system-on- 
a-chip applications 342, image processing applications 343, parallel processing applications 344, 
serial processing applications 345, prototyping applications 346, among other applications 
349. 

A fixed logic circuit selected from the fixed logic circuit type(s) 320, in combination with 
the plurality of configurable logic blocks, services the logic requirements 330 and are selected 
and interconnected in the design of the integrated circuit. The fixed logic circuit types 320 



|§ includes none, one, or more than one of a digital signal processor (DSP) 321, a microprocessor 

ly 

322, a physical layer interface 323, a link layer interface 324, a network layer interface 325, an 
audio processor 326, a video graphics processor 327, and an application specific integrated 
circuit (ASIC) 328, and any other fixed logic circuits 329. The logic requirements 330 may 
be characterized by any number of logic requirements including instruction throughput rate 331, 
20 instruction set 332, input/output rate 333, data processing rates (not shown), and other logic 
requirements 339. 
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Figure 4 is a logic diagram illustrating another embodiment of an integrated circuit design 
method 400 performed in accordance with the present invention. In a block 410, a number of 
intended sets of applications are identified. The identification may include identification of logic 
requirements and logic functions as well. Then, in a block 420, an approximate number of 
5 configurable logic blocks (CLBs) are identified to offer the programmability required by a 
substantial portion of the intended sets of application. In a block 430, at least one fixed logic 
circuit is identified to meet a common portion of the logic requirements of the intended sets of 
applications. Then, in a block 440, a programmable logic fabric, having the number of 
configurable logic blocks (CLBs), is formed as a fabric that at least partially surrounds an 

Q 

g) opening. Then, in a block 450, the fixed logic circuit is mounted into the opening of the 



ID programmable logic fabric. Ultimately, in a block 460, interconnecting logic is added to the 

p 

!H integrated circuit to ensure proper interfacing between the fixed logic circuit and the 

U 

■ programmable logic fabric. In alternative embodiments, the identified configurable logic blocks 

W 

p (CLBs) and the identified at least one fixed logic circuit are appropriately chosen to ensure that 

p 

IP they fit within a targeted die size of the integrated circuit, as shown in an alternative block 435. 



Figure 5 is a logic diagram illustrating another embodiment of an integrated circuit design 
method 500 performed in accordance with the present invention. In a block 510, a number of 
intended sets of applications are identified. The identification may include identification of logic 
requirements 512 and input/output requirements 514 as well. Then, in a block 520, an 
20 approximate number of configurable logic blocks (CLBs) and at least one fixed logic 
input/output circuit are identified to operate cooperatively to meet a substantial portion of the 
logic requirements and the input/output requirements. 
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Then, in a block 540, a programmable logic fabric, having a number of configurable logic 
blocks (CLBs), is modified to at least partially surround an opening. Then, in a block 550, the 
fixed logic input/output circuit is mounted into the opening of the programmable logic fabric. 
Ultimately, in a block 560, interconnecting logic is added to the integrated circuit to ensure 
5 proper interfacing between the fixed logic input/output circuit and the programmable logic fabric. 
In alternative embodiments, the identified configurable logic blocks (CLBs) and the identified at 
least one fixed logic input/output circuit are appropriately chosen to ensure that they fit within a 
targeted die size of the integrated circuit, as shown in an alternative block 535. 

Figure 6 is a system diagram illustrating another embodiment of method for designing an 

If integrated circuit 600 involving a number of integrated circuit design considerations 610 in 

p 

•ft 

jy accordance with the present invention. The number of integrated circuit design considerations 

Q 

If} 610 are used to design an integrated circuit that services all or a portion of an intended sets of 

3 applications 640. The intended set of applications 640 may include communications applications 

Q 

W 641, system-on-a-chip applications 642, image processing applications 643, parallel processing 

|I applications 644, serial processing applications 645, prototyping applications (not shown), 

IU 

among other applications 649. 

The particular aspect of the present invention described with reference to Figure 6 relates 
to input/output requirements. The input/output requirements of the integrated circuit design are 
typically considered in addition to other design requirements, i.e., logic requirements. These 
20 input/output requirements 630 may include bit rate input 63 1 , bit rate output 632, data width 633, 
address width 634, parallel bus frequency 635, and/or any other input/output requirements 
639. Additional design considerations 610 of Figure 6 include die size 61 1, a process type 612 
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(that may also consider a minimum dimension size 613 for transistor level circuitry), a 
percentage of a targeted die size that may be occupied by fixed logic input/output circuit(s) 614, 
circuit component die locations 615, and/or other considerations 619. 

In order to service the input/output requirements of the integrated circuit, one or more 
5 fixed logic input/output circuits are included in the design of the integrated circuit. The fixed 
logic input/output circuit(s) 620 may include one or more of a high speed serial input/output 
circuit 621, a high speed parallel input/output circuit 622, and/or another fixed logic 
input/output circuit 629. The fixed logic I/O circuit is selected to service a substantial portion of 
the input/output requirements of the integrated circuit in a manner that is more efficient, or that 

|«* 

m cannot be performed using the configurable logic of the integrated circuit. 

s 

Ijj The fixed logic input/output circuit is designed into the integrated circuit so that it resides 

O 

Iff within an opening of a fabric formed by configurable logic blocks of the integrated circuit. This 

1 opening may be formed so that one or more sides of the opening reside on an edge of the 

|^ integrated circuit. Alternately, the opening may be formed so that it is fully surrounded by the 

|| fabric. In either case, the fixed logic input/output circuit resides at least in part within the 

Hi 

opening of the fabric. Interconnecting logic interconnects the fixed logic input/output circuit to 
the fabric. In some embodiments, the fixed logic input/output circuit resides partially in the 
input/output ring surrounding the FPGA fabric. 

Figure 7 is a logic diagram illustrating another embodiment of an integrated circuit design 
20 method 700 performed in accordance with the present invention. In a block 710, a number of 
intended sets of applications are identified. The identification may include identification of logic 
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requirements 712, logic functions 714, and input/output requirements 716 for each of the 
intended set of applications as well. 

Then, in a block 720, an approximate number of configurable logic blocks (CLBs), at 
least one fixed logic circuit, and at least one fixed logic input/output circuit are identified to 
5 operate cooperatively to meet a substantial portion of the logic requirements and the fixed logic 
input/output requirements identified at step 710. The fixed logic processing circuit selected at 
step 720 is based upon one or more logic functions that are substantially common across the 
intended set of applications that were identified at step 710. 

Then, a block 740, a programmable logic fabric, having a number of configurable logic 
|Ef blocks (CLBs), is modified to include at least two openings. In a block 750, the fixed logic 
|y processing circuit is mounted into one or more of the openings of the programmable logic fabric. 
IF! Then, in a block 760, the fixed logic input/output circuit is mounted into one or more of the other 

L openings of the programmable logic fabric. Then, in block 760, interconnecting logic is added to 

U 

j«j the integrated circuit to ensure proper interfacing between the fixed logic circuit(s) and fixed 

j|f logic I/O circuit(s), and the programmable logic fabric. Finally, at block 770, interconnecting 

IU 

logic is added to the integrated circuit to ensure proper interfacing between the fixed logic 
input/output circuit and the programmable logic fabric. Optionally, the identified configurable 
logic blocks (CLBs), the identified fixed logic processing circuit, and the identified fixed logic 
input/output circuit are appropriately chosen to ensure that they fit within a targeted die size of 
20 the integrated circuit, as shown in an alternative block 735. 

Figure 8 is a graphical illustration considering the possible ranges of an integrated circuit 
design incorporating both fixed logic circuitry and FPGA circuitry in accordance with the present 
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invention. FPGA capacity/size/performance is represented on the vertical axis of the graph while 
fixed logic circuit capacity/size/performance is shown along the horizontal axis of the graph. 
Given lines that extend from the horizontal to the vertical axis represent die size/processing 
dimension combinations. For each of these lines, a maximum FPGA circuit capacity is 
represented at the intersection of the line with the vertical axis. Likewise, maximum fixed logic 
circuit capacity is represented at the intersection of the same line at the intersection of the line 
with the horizontal axis. Thus, for each die size/processing dimension combination, a 
corresponding integrated circuit can contain a combination of FPGA blocks and fixed logic 
circuit(s), the combination of which may not extend past a respective die size/processing 
dimension line. 

|jj As is evident, the configurability of the FPGA and the advantages offered by fixed logic 

13 

iH circuitry are intimately coupled to one another. As the number of blocks within an FPGA array 

I* 

p increases, for a given die size/processing dimension combination, then the total number of fixed 

w 

p logic circuits (or capability of the fixed logic circuits) decreases. Similarly, the converse is true; 



0 

111 



as the total number of fixed logic circuits (or their total capability) increases, for a given die 
size/processing dimension combination, then the total number of blocks within an FPGA array 
that may be employed in the integrated circuit decreases. 

These two design considerations also trend closely to one another in terms of die size and 
smaller processing dimension as shown in the Figure 8. Figure 8 generally shows the 
20 relationship between the configurability offered by an FPGA array as it is tied to the 
incorporation of embedded fixed logic circuits, and it is not intended to be a direct or exact 
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mapping. Those having skill in the art will recognize how the two design parameters are 
critically coupled to one another. 

Figure 9 is a graphical illustration of programmability versus instruction rate trade-off 
900 within integrated circuits incorporating both fixed logic circuitry and FPGA circuitry in 
5 accordance with the present invention. The concepts described with reference to Figure 9 
consider only one type of tradeoff considered when placing fixed logic circuitry within an FPGA 
fabric. Other considerations may also be characterized in a similar fashion. FPGA 
capacity/size/performance is represented on the vertical axis of the graph while fixed logic circuit 
capacity/size/performance is shown along the horizontal axis of the graph. The fixed logic 
j| circuit performance is characterized in Figure 9 as instruction processing capability, e.g., Mflops, 
|U MIPs, etc. The performance of the fixed logic circuit directly relates to the number of transistors 

a 

Iff and/or size of the fixed logic circuit and inversely relates to the transistor size (minimum feature 

! dimension) of the fixed logic circuit. 

Q 

|^ The configurability of the integrated circuit (# of FPGA blocks) and the fixed logic 

I 

^| instruction processing performance of the integrated circuit are closely related. As the number of 
blocks within an FPGA array increases, for a given die size and processing method, then the total 
number of instructions that may be performed per unit time (or within a given die area of an 
integrated circuit) by a fixed logic circuit embedded therein is appropriately limited. Similarly, 
the converse is true; as the total number of instructions that may be performed per unit time (or 

20 within a given real estate area of an integrated circuit) by the fixed logic circuit is increased, for a 
given die size and processing method, then the total number of blocks within an FPGA array that 
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may be employed is also appropriately limited. These two design considerations also trend 
closely to one another in terms of dies size and smaller processing dimension. 

Integrated circuit design options for particular die size/process dimension combinations 
provide particular combinations of FPGA configurability and instruction processing 
performance. Lines that intersect the vertical and horizontal axes and that include both vertical 
and horizontal lines represent available design options. Each of these design options has 
maximum FPGA programmability and maximum fixed logic circuit capacity. For example, 
design option #1910 includes relatively high FPGA configurability and relatively low instruction 
rate performance. Design option #2 920 represents a hybrid design option that includes 
somewhat lower FPGA configurability and somewhat higher instruction rate performance. 

jy Design option #3 930 includes an even lower FPGA configurability but a much higher 

S3 

IH instruction rate performance. This is just one example of the tradeoffs made when placing fixed 



b 
w 



logic circuits within a FPGA array. 

The design options of Figure 9 may be directly compared to the FPGA configurability and 



jWji instruction rate processing requirements of various intended applications. The requirements of 

m 

these intended applications are therefore compared to the capabilities of the design options of 
Figure 9. For each intended application, if the requirements of the application reside within 
design option performance parameters, the design option may be selected to service the intended 
application. 

20 Figure 10 is a graphical illustration of programmability versus input/output (I/O) rate 

trade-off 1000 of an integrated circuit incorporating both fixed logic input/output circuitry and 
FPGA circuitry in accordance with the present invention. The size/performance of the FPGA is 
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shown along the vertical axis of the graph, and the input/output (I/O) rate is shown along the 
horizontal axis of the graph. 

The configurability of the FPGA and the advantages offered by devices having very fast 
input/output rates are intimately coupled to one another. As the number of blocks within an 
5 FPGA array increases, for a given die size and processing method, then the rate of input/output 
that may be performed is appropriately limited. Similarly, the converse is true; as the rate of 
input/output is increased, for a given die size and processing method, then the total number of 
blocks within an FPGA array that may be employed is also appropriately limited. These two 
design considerations also trend closely to one another in terms of dies size and smaller 
processing dimension. 

jU Figure 10 illustrates design options for two separate designs, design 1010 having 

13 

!fl relatively greater FPGA configurability and lesser input/output capacity and design 1020 having 

I* 

' relatively lesser FPGA configurability and greater input/output capacity. Various design 

U 

p requirements (corresponding to intended applications of the integrated circuit) are shown as 

| 

J§ circles within the Figure 10. As is shown, each of the particular design options meets a certain 

iS 

number of the design requirements. For example, a design without serial input/output 1010 
captures primarily those design option requirements that include relatively high FPGA 
configurability and relatively low input/output rate requirements. However, a design with serial 
input/output 1020 represents a design solution that offers lesser FPGA configurability and 
20 relatively greater input/output rate requirements. 

In general, the trade-off trend is clear, in that, those design options that offer higher 
input/output rate capabilities (without having serial input/output capabilities) generally offer 
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lower FPGA configurability; the converse is also true: those design options that offer higher 
FPGA configurability generally also offer lower input/output rate capabilities (that is, if the 
design does not have serial input/output capabilities). 

Figure 11 is a system diagram illustrating an embodiment of an integrated circuit 1100, 
5 having both fixed logic input/output circuitry and fixed logic processing circuitry that is built in 
accordance the present invention. Figure 1 1 provides just one example of an integrated circuit 
designed according to the present invention. Of course, many various other structures may be 
formed using the techniques of the present invention. The integrated circuit 1100 includes a 
programmable logic fabric 1110. The integrated circuit 1 100 also includes three different fixed 
i| logic input/output (I/O) circuits, shown as fixed logic input/output (I/O) circuit 1 161, fixed logic 

i 

iU input/output (I/O) circuit 1171, and fixed logic input/output (I/O) circuit 1191. In addition, the 

p 

integrated circuit 1100 include one fixed logic processing circuit 1129 and one optional fixed 

p. logic processing circuit 1128. Each of the various fixed logic input/output (I/O) circuits 1161, 

q 1171, and 1191 and the fixed logic processing circuits 1129 and 1128 are surrounded by 

p interconnecting logic. Specifically, the fixed logic input/output (I/O) circuit 1161 is surrounded 

iU 

by the interconnecting logic 1 162; the fixed logic input/output (I/O) circuit 1 171 is surrounded by 
the interconnecting logic 1 172; and the fixed logic input/output (I/O) circuit 1191 is surrounded 
by the interconnecting logic 1192. Similarly, the fixed logic processing circuit 1129 is 
surrounded by the interconnecting logic 1131; and the optional fixed logic processing circuit 
20 1 128 is surrounded by the optional interconnecting logic 1 132. 

Interconnecting logic 1162 interconnects the fixed logic input/output (I/O) circuit 1161 
and the programmable logic fabric 1110. Interconnecting logic 1172 interconnects fixed logic 
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input/output (I/O) circuit 1171 with the programmable logic fabric 1110, with serial (or parallel) 
input/output provided near the top right hand side of the Figure 11, and also with block RAMs 
1145 and 1146 located below the fixed logic input/output (I/O) circuit 1171. Interconnecting 
logic 1 192 interconnects fixed logic input/output (I/O) circuit 1191 with the programmable logic 
5 fabric 1110, with serial input/output provided near the lower right hand side of the Figure 11, and 
with block RAMs 1 181 and 1 182 located above the fixed logic input/output (I/O) circuit 1 191. 

Interconnecting logic 1131 interconnects the fixed logic processing circuit 1 128 with the 
programmable logic fabric 1110, and with block RAMs 1 145, 1 146, 1 181, and 1 182. Optional 

jj, interconnecting logic 1 132 interconnects the optional fixed logic processing circuit 1 128 with the 

13 

^1 programmable logic fabric 1110, with block RAMs 1143 and 1144, and with optional serial 

i 

!U input/output provided near the bottom left hand side of the Figure 1 1 . 

O 

In view of the above detailed description of the invention and associated drawings, other 
P modifications and variations will now become apparent to those skilled in the art. It should also 

w 

(3 be apparent that such other modifications and variations may be effected without departing from 

i 

13 the spirit and scope of the invention. 

Ill 
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